
~nthe Lower Mississipp

Programs to restore southern bottomland
hardwood forests to the floodplains of the
Mississippi have been tested on federal land
and are now being applied to private hold-
ings. The initial goals were to provide wildlife
habitat and improve water quality, but other
benefits—possible income from biomass and
carbon credits—may make restoration cost-
effective, even for small landowners. One chal-
lenge is finding the right mix of tree species
that are adapted to soil saturation and root
anoxia, can be planted and managed econom-
ically, and will produce a closed canopy and
complex structure quickly. Bringing back the
understory is another challenge.
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Hamel, Margaret S. Devall,
Theodor D. Leininger, and
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The Lower MississippiAlluvial
Valley has undergonethe most
widespreadlossof botromland

hardwoodforestsin theUnited States.
Besides the extensiveloss of forest
cover by clearingfor agriculture,re-
gional and local hydrologic cycleswere
drastically changedby flood control
projectsthat separatedthe Mississippi
River and its tributaries from their
floodplains. Deforestation and
drainageresultedin a loss of critical
wildlife andfish habitat,increasedsed-
iment loads,and reducedfloodwater
retention.Restoringthesefloodplain
forestsis thesubjectof considerablein-
terestandactivity (Sharitz 1992).

Thevalleyis oneofthemostendan-
geredecosystemsin the United States
(Nosset al. 1995). In separateassess-
ments,The Nature Conservancyand
Defendersof Wildlife identified the
Southashavinghighto extremerisk for
significantloss of aquaticbiodiversity.
The World Wildlife Fundregardssus-
tained conservationof native fishes,
freshwatermussels,and crayfishesin
theregionasvital to maintaininga sig-

nificant proportionof the freshwater
faunaof the United States.Partnersin
Flight targeted bottomland systems
acrossthe Southasthehighest-priority
habitatsfor breedingpopulationsof
neotropicalmigratorybirds aswell as
staginghabitatsfor their migration.

The US EnvironmentalProtection
Agency(EPA) has identifiedtheYaxoo-
Mississippibasin as an areaof signifi-
cant concernfor surfaceandgrqund
water quality. Although surfacewater
runoff in thebasincontributesonly 20
percentof the nitrate loading impli-
catedin the expansionof the hypoxic
xonein the Gulf ofMexico, theagency
is expectedto focussignificantresources
on the basin to improvewater quality.
Policy alternativesunderconsideration
include reducingnitrogenuseby 20 to
40 percentandconvertingagricultural
land to forests to restoreandenhance
naturaldenitrification processes(US

Above: Naturalbottomlandhardwood
stands suchasthis onein Issaquena
County, Mississippi,are thetarget for
restoration.
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EPA 1999).In responseto thesecon-
cerns for wildlife habitat and water
qualityprotection,the valley hasbeen
targetedfor the mostextensiveforest
restorationeffort in the UnitedStates.

Historical Background
The LowerMississippiAlluvial Val-

ley covers more than24 million acres
in partsof sevenstates,extendingfrom
southernIllinois to theGulf of Mexico
(fig. 1). The valley oncesupportedthe
largestexpanseof forestedwetlandsin
theUnitedStates.Richalluvial soils re-
ceived periodic sediment additions
from theworld’s third-largestriver and
supportedhighly productive ecosys-
tems(Putnamet al. 1960).The forests
of the region are rich in speciesand
containas manyas70 commercialtree
species(Putnamet al. 1960).Soils and
drainagearevariableacrossthe flood-
plain, and severalsitetypescanberec-
ognized(Hodges1997).Hydroperiod
differences (depth, duration, fre-
quency,andseasonof inun-
dation) drive standproduc-
tivity andleadto variability
in structure and species
composition.

Common estimatesof
the extent of bottomland
hardwoodsin thevalleybe-
fore Europeancontactare
21 million to 25 million
acres(TheNatureConser-
vancy 1992), althoughac-
tual forestcover may have
beenlessbecauseof agricul-
tural useby Native Ameri-
cans (HamelandBuckner
1998).Fully 96 percentof
subsequentloss of bottom-
land hardwoodforests in
the valley hasbeencaused
by conversionto agriculture
(MacDonaldet al. 1979;
US Department of the
Interior 1988).At the time
of Europeancolonization,
wetlands were considered
usefulonly after theywere
drained.The SwampLand
Acts of 1849—1850 granted
federally owned swamp-
landsto thestatesto be re-

claimedanddisposedof. Betweenthe
early1800sand1935,abouthalfof the
original forestswere cleared(fig. 2).
Searchingfor fertile farmland, 19th
centurysettlersclearedforests,starting
from thehighestandbest-drainedsites.
Floodcontrol projectsin the20thcen-
tury straightenedanddeepenedrivers,
drainedswamps,andencouragedforest
clearingon lower, wettersites.Rising
world soybeanpricesbroughta surge
in forestclearingfor agriculturein the
1960sand 1970s(Sternitzke 1976).
The net economicreturnon farmland
was reportedto be twice ashigh as on
forest. By the 1980sless than20 per-
centof the 18th centuryforestedwet-
lands remained.Sincethe passageof
“Swampbuster”provisionsin the 1985
FarmBill, clearingof forestedwetlands
foragriculturehasdeclined(Shepardet
al. 1998).

The remaining5 million acres of
bottomlandhardwoodforestsin the
valley are mostly (morethan 95 per-
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cent) in Louisiana, Mississippi, and
Arkansas (The Nature Conservancy
1992).Thelargestcontiguousblock of
botromlandforests is in the Atcha-
falaya Basin of Louisiana,which ac-
countsfor 31 percentofthetotal in the
region (The Nature Conservancy
1992).A considerableportionof the
remainderis batture—the land be-
tweenthe mainline leveesof the Mis-
sissippiRiver thatis subjectto seasonal
inundation.

CurrentRestorationEfforts
Restorationin the valley is driven

primarily by actionson federal land
andby federalincentiveprograms,al-
thoughstateshave their projects on
public land (Savageet al. 1989;Newl-
ing 1990).The US Fish andWildlife
Service,for example,beganan aggres-
sive afforestationprogramin thevalley
in 1987 (Hayneset al. 1995),on both
refugelandandin partnershipwithad-
jacent private landowners.Current
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Figure 2. Extentof bottomlandhardwoodforests
in theLowerMississippiAlluvial Valleyfrom pre-
Europeancontact(1492)to moderntimes(1990),
with projectionsto 2020.Our estimateof forest
coverbefore European contactassumesthat Native
Americanagriculture wasat leastas extensiveas
early colonial agriculture around 1820.This is prob~
ably an underestimate(Hamel and Buckner 1998).
Our prediction of theareato be restoredby 2020 is
I million acres,roughly doublethe amount planned
through 2005 but half the targetamount recently

announcedby the Lower Mississippijoint Venture
of Partners inFlight. SouRcEs:MacDonaldetal. 1979;
The NatureConservancy I 992.

Figure I.The Lower Mississippi Alluvial
Valley stretchesfrom Cairo, Illinois, to
the Gulf of Mexico.Crowley’s Ridge and
Macon Ridge are upland remnants of
pre-Holocenetopography. Although
not bottomlands, theseareas include
speciestypical of bottomlandsaswell
as uplands.
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Table 1. Planned restoration by federal and state agencies in the Lower

Mississippi Alluvial Valley.

Program Agency

Area (acresl1

1995 Plannedto 2005 Total

Wildlife refuges US Fish and
Wildlife Service 12,780 24,710 37,490

Wetlandmitigation Army Corpsof
Engineers

Stateagencies Mississippi,Louisiana,
Arkansas

5,000

33,360

23,970

100,075

28,970

133,435
WetlandsReserve NaturalResources

Program ConservationService 130,963 118,000 248,963

Total 182,103 266,755 448,858

plansfor restorationon public andpri-
vare land suggestthat as many as
500,000acrescould be restoredin the
valley overthenextdecade(table1).

TheArmy Corpsof Engineersmust
mitigateforestedwetlandlossescaused
by constructionprojects,generallyto
control flooding. Often thesemitiga-
non lands are turned over to state
wildlife agencies to manage. Many
acresclearedforsoybeansaresubjectto
latespring andearlysummerflooding
and remain uneconomicalfor crop-
ping. This land is now being restored
to forestsunderthe ConservationRe-
serveProgramandthe WetlandsRe-
serveProgram,bothadministeredby
the Natural ResourcesConservation
Service(Sranrurfer al. 1998). Other
USDA programsthatcould fostertree
planting on small acreagesinclude the
EnvironmentalQualityIncentivesPro-
gram, the Wildlife Habitat Improve-
ment Program,andseveralcost-share
practicesto establishriparian buffers.

Thedominantgoalofall restoration
programsin the valley, whether on
public or privateland,hasbeento cre-
atewildlife habitatandimproveorpro-
tect surfacewater quality (King and
Keeland1999).In practice,this means
afforestationof small areas(usually no
morethan300 acres)within a matrix
of active agriculture. Although we
know how to afforestmanysites(Stan-
turfet al. 1998),recentexperiencewith
theWetlandsReserveProgramin Mis-
sissippi illustratesthe difficulty of ap-
plying this knowledgebroadly(Stan-
turf et al., in press).

Site-SpecificTechniques
Afforestationis aprocess,andsome-

thing cango wrong at any of several
steps.Themostcritical step is properly
matchingspeciesto site,particularlyto
hydroperiod.Few speciescantolerate
continuousflooding. Even thosefew
that canwithstandextendedsoil satu-
ration androot anoxiacannottolerate
submersionof all their leaves. Most
flooding-tolerant species can be
plantedon drier sitesbutnot the re-
verse(Stanrurferal. 1998).Soil physi-
cal conditions,root aeration,nutrient
availability, and moisture availability
are other importantsite factors. On
former cropland,for example,traffic
pans(compactedsoil layerscausedby
traffic of farm machinery)at 8 to 12
inchesin depthwill limit root penetra-
tion. Ripping beforeplantingor sow-
ing is necessaryto shatterthesepans.

Seedhandling is a challengetodi-
rect-seedingefforts. Acorns must be
collectedbetweenOctoberandFebru-
ary. Acorns of the red oak groupcan
toleratecoldstorageforup to five years,
althoughstoragebeyondtwo yearsis
not advised.We suspect,however,that
respirationlossesduring extendedstor-
age result in less vigorous seedlings.
White oakscannotbestoredmorethan
four months.The window for direct
seeding(NovemberthroughJune)is
longerthanfor plantingseedlings(Jan-
uaryto March),dependingon flooding
and soil moisture. Acorns are float
testedbeforesowing;viable acornsof
mostoakssink in water. Seedis stored
in sealedpolyethylenebagsat 350 to

4Q0 E Acornscanbesown by handor

machine.Plantingdepth is 2 inchesto
6 inches.Bettersurvival usually results
whenacornsaresown at 2 to 3 inches,
but deepersowingis recommendedif
thereare manyrodentsor thesoil sur-
facedriesoutcompletely.

Advantagesof barerootseedlings
include the greaternumberof species
available and the wider rangeof site
conditionsthat canbe tolerated.Be-
cause of higher survival rates of
seedlings,the probability of obtaining
an adequatelystockedstandis higher,
but thedisadvantageis highercost(see
“Costsof Restoration,”p. 14).Suitable
bareroothardwoodseedlingsare larger
thantypical pine seedlingsplantedin
theSouth.Therecommendedsizeis 18
inchestop lengthwith a root collar di-
ameterof at least 3/8 inch. Root sys-
temsmust bewell developedwith sev-
eral lateralroots.Root systemscanbe
pruned somewhatto makeplanting
easier, but often roots are severely
prunedby crewsto get the seedlings
into plantingholes that are toosmall
anyway.Barerootseedlingssurvivebest
if dormantwhen planted into moist
soil. Subfreezingtemperaturesat time
of plantingcauseroot deathandlow
survival.Seedlingsalso needto bepro-
tected from high temperatureson
sunnydays.Too often seedlingsare
transportedto plantingsites or stored
in the field without protectionfrom
desiccation,resulting in low survival.

If good-qualityseedlingsareplanted
properly and well cared for before
planting,establishmentsuccesswill be
high (around 60 percentfor Nutrall
oak, lessfor otheroaks).Survivalof di-
rect-seededoaksis lower, typically 15 to
30 percent(King and Keeland1999).
Nevertheless,natural factors beyond
our control—late-springflooding that
extendsinto summer,adroughtyspring
after planting, and deer and small
mammaldepredation—cancausefail-
ure. In additionto depthandduration
of flooding, temperatureandoxygen
contentof thewatercanbe important:
Warm, stagnantwateris moreharmful
thancool, flowing water.Adequatesoil
moistureafterplantingis criticalto sur-
vival; plantingshouldbe suspendedif
storedmoisture is marginal and low
rainfall is predicted.Winter is wetter

‘Estimates furnished by participants at the workshop Artificial Regeneration ofBottomland Hard-
woods:Reforestation/Restoration Research Needs,”May 1 t—12, 1995, Stoneville, Mississippi.
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Themost intensiveoperationalrestorationtechniqueisto intc~ Vanurs~crop
ofafast-growingspecieswith a slower-growingspecies.Thefirst stepis to establish
the fast-growingspecies,suchasthis easterncottonwoodplantedon 12-by-I2-
foot spacing,four monthsold.

Thesecondstepis to interplantthe
slower-growingspecies.The cotton-
woodnursecrop,shown in theback-
ground,is five yearsold.Nuttall oaks
wereplantedthreeyearsago;the
seedlingshownaboveis now 7 feettall.

than summerin much of the valley.
Drought conditions are frequenton
clay soils in mid to late summer,espe-
cially theshrink-swellclayscommonto
slackwaterdeposits.Carefulsiteprepa-
ration andjudiciousselectionof species
to plant canavoidexposingtherootsof
seedlings.Herbivory by deer,beaver,
nutria, rabbits, andsmall mammalsis
common,andtreespeciesdiffer in their
toleranceto top clipping. Cottonwood
plantationscanbe devastatedby deer,
and woven-wire fencing may be
needed.Oaks,on the otherhand,re-
sprout readily, andprotectionmaynot
be cost-effective.Rapid early height
growth for all speciesis a key to over-
comingflooding and herbivoryprob-
lems,andit canbe achievedby planting
very tall (6-foot) seedlings,aggressively
controlling competingvegetationfor
oneto threegrowingseasons,usingtree
shelters,or combining thesemethods.
The cost effectivenessof the methods
has not beentestedunderoperational
conditions.

Restorationon public land in the
valley follows an extensivestrategyof
low-costplantingor direct seedingof
heavy-seededspecies of value to
wildlife, suchasoaks.Theserestoration
efforts rely on nativespecies,planted
mostly in single-speciesblocks within
plantationscontainingthreeor more

species.Choiceof speciesis guidedby
toleranceto floodingand soil charac-
teristics.Hard-mastproducers,suchas
the oaksandsweetpecan,are favored
for their wildlife value and because
theyare themostdifficult to obtain by
naturalprocesses.Oaksareplantedon
wide spacing(12 feetby 12 feet) as 1-0
barerootseedlingsor direct seededas
acornson 3-by-12-foot spacingto ac-
count for lower survival. Wind and
water are relied on to disperselight-
seeded species, such as ash, elm,
sycamore,sweergum,andmaple(Stan-
turf et al. 1998). The light-seeded
speciesare neededfor biodiversityand
stockingand to createforestedcondi-
tions (Hayneset al. 1995).

The strategythatpredominateson
public land hasshapedthefederalpro-
gramsaimedat privateland.The ap-
propriatenessofthis strategyforprivate
land hasbeenquestionedfrom several
perspectives(Stanturferal., in press).

First, wind andwater dispersalof
light-seededspeciesto thesesmall, iso-
latedtractsis reliableonly whennat-
ural seedsourcesare within 100 yards
(Allen 1990, 1997). Failure to fill be-
tween the plantedoaksmeansincom-
plete site occupancyby trees, lower
speciesrichness,and longer time to
reachstructuraldiversity.

Second,manywildlife speciesatrisk

require forestsof complexstructure.
Extensiveplantings,evenif fully suc-
cessful,require60 yeatsor more to at-
tain a desirablestructure(King and
Keeland1999;Twedtet al. 1999).

Third, the stockingthat resultsfrom
successfulrestorationunderfederalcost-
shareprograms(i.e., 125 stemsper acre
atage3) will notbesufficientto support
commercial timber production. The
lackof merchantablevolume in these
understockedstandswill not only con-
straintimbermanagementbutalsolimit
standmanipulationfor wildlife habitat,
aesthetics,or foresthealth.

Finally, the ability to sequestercar-
bonwill besignificantly lower. Interest
is increasingin afforestationto obtain
carboncredits underthe Kyoto Proto-
col, and thecritical period for creditsis
between2008and2012—veryearlyin
the life of standsplantednow.

More-intensivestrategiesfor quickly
establishingclosed-canopyforestsare
available,albeit at higher initial costs
thantheextensiveplantings.Forexam-
ple, a managercan establisha closed-
canopyforest30 feetor taller in three
yearsby usingsuchfast-growingnative
speciesaseasterncottonwood.Oneor
two years after planting, this cotton-
wood nursecrop is established,and
slower-growingoakscanbe plantedbe-
tweeneveryother row. Later, the man-

0
U
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Costsof Restoration
Estimates of the direct costs of
four restoration methods are
shown in table 2. Direct seeding of
acorns has fallen out of favor be-
cause of low success rates in op-
erational plantings; nevertheless, it
can be successful and offers sub-
stantially lower costs. The esti-
mated cost of planting 1-0 bare-
root seedlings is given at two lev-
els: the low intensity applied on
public land, aimed at producing
125 stems peracre (spa) of hard-
mast species at age 3; and a higher-
intensity level recommended for
multiple outputs including timber
production. Interplanting two
species is the highest-intensity
practice and costs the most to es-
tablish, but it produces vertical
structure in two to three years
and recovers functions faster than
the other practices.Whencotton-
wood is used, it can provide the
landowner with financial returns
in 10 years.

Most restoration on private
land is subsidized by the Conser-
vation Reserve Program or the
Wetlands Reserve Program. Sub-
sidies vary by state, but the Wet-
lands Reserve Program typically pays $350 per acre for a
perpetual easement within three years of signing the con-
tract.The Conservation Reserve Program pays an annual
soil rent; in 1998, rates per acre per year were $35 in

Arkansas, $45 in Louisiana, and $44 in Mississippi. Reim-
bursement for direct restoration costs also varies by
state, but generally both programs now pay about half the
costs of approved practices.

ager may intervene to shapestand
structureandcomposition.Possibilities
include harvestingthecottonwoodat
age 10, either in winter to maximize
sprout regrowth and allow a second
coppicerotationof thecottonwood,or
in summerto minimize cottonwood
sproutingandreleasetheoakseedlings
(Schweitzeretal. 1997).

Thefull benefitsof the interplanring
techniqueare being investigated,but
observationsin operationalplantings
indicatethatsignificantwildlife benefits
arerealizedwithin five years(Twedtand
Portwood 1997). Several thousand
acreshavebeenrestoredin this fashion
underthe ConservationReservePro-
gram. Recently,the NaturalResources

ConservationServicehas fundedpilot
plantings using the technique in
Arkansas,Louisiana,andMississippi.

RestorationFuture
Approachesto restorationin theval-

ley are changing.Public agenciesare
reappraisingtheir emphasison oaks.
Besides evidencethat widely spaced
plantingsare not creatingthe desired
diversity of other hardwoodspecies
(Allen 1997),thepredominanceofoak
in the presertlementforest is ques-
tioned (King andKeeland 1999).No
doubt fewer oak seedlings,as a per-
centageof the total, will be planted
overthenextseveralyears,but moreas
aresultof circumstancesthananyshift

in policy. The areaplantedunderthe
Wetlands Reserve Program has in-
creasedeachyear, and the supplyof
oak seedlingshastightened.Red oak
acornsare beststoredonly one or two
yearsandwhite oakacornsonly a few
monthswithout significant loss of via-
bility. Theregionsawa poormastcrop
in 1999,sofewer oakseedlingswill be
available.Although severalnewcom-
mercial nurseries have openedand
largeplantingcontractorsdeveloptheir
own supplies,agenciesandlandowners
will haveno choice but to shift to a
higherpercentageof nonoakspeciesin
restorationprograms(see“Pondberry:
Restoringthe Understory”).

Constraintson seedlingsupplyare

Table2.Typical directcostsper acre for afforestation of bottomland
hardwoods in the Lower MississippiAlluvial Valley

.

Low-intensity High-intensity Interplanted
Direct-seeded bareroot bareroot cottonwood

oaks1 seedlings2 seedlings3 andoak4

Site preparation
Disking $16 $16 $16 $16
Preemergentherbicide 13 13
Rip andmark 15
Fertilize is

Plan ting
Material 25 75 75 60
Planting 35 35 35 20
Year2 plantingoakseedlings 56

Weed control
Chemical 11 11
Mechanical 10 20
Insecticide 9
Year2 weedcontrol 10 10

Total $ 76 $126 $170 $245

1Suitable oaks are direct-seeded at 12-by-3-foot of weed control.
spacing (1,211 stems per acre, spa) with target 4Cottonwood is planted at 12-by-12-foot spacing
survival of 125 spa at age 3. (302 spa); to get a survival rateof 80 to 95 per-
2Low-intensify planting is typical ofnational cent requires one to two years of weed control.
wildlife refuges and the Wetlands Reserve Pro- The oak seedlings are interplanted after one or
gram;trees are plantedat 12-by-12-foot spacing two growing seasons between every other row of
or wider (302 spa) with a target of 125 stems per cottonwoodat 12-by-24-footspacing (151 spa).
acre surviving at age 3. Cottonwood can be coppiced to provide income
3High-intensityplanting isneeded for timber pro- from a second rotation before the oaks are re-
duction: 12-by- 12-foot planting (302 spa) and a leased.
target of250 spa at age 3; survival is assumed to SouRces: Bullard et at. 1992; Kingand Keeland
be double that oflow-intensity planting because 1999; Stanturt and Portwood 1999.
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nor likely to be short-term.Vigorous
seedlingsof all specieswill continueto
be in limited supplyasnurseriescope
with increaseddiseaseproblemsasa re-
suIt of the imminent ban on methyl
bromide, used to fumigate nursery
beds.Oneresponsemay be efforts to
increaseourplanringsurvival anden-
hanceseedlingvigor. By plantingfewer
seedlingsper acre for a given target
density and investing more in site
preparationand posrplanringweed
control, operational survival could
probablybedoubled.

The economicsof private land
restorationwill gain importance.Cur-
rent federal programsthat provide
largeeasementpaymentsare expensive
andprobablyjustified on wettersites.
On bettersites,however,restoration
might payits own waywith only cost-
sharingneededto establishthe forest.
Landownerscouldderive periodicin-
come from timber production,partic-
ularly of fast-growingspecieslike cot-
tonwood.Productionof biofuels from
cottonwoodor willow will notprovide
the samewildlife habitatenhancement
as oaks, but such early successional
habitatis in short supply(Twedt et al.
1999).Annual income from hunting
leasesor carboncredits is morespecu-
lative but will be available for some
landowners.New partnershipsand
programsare appearing(see“Partners
in Restoration”) and could extend
restorationevento thehighestandbest
sites,in direct competitionwith staple
agriculturalcrops—evenKing Cotton.
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